Using 2012 data on fee-for-service Medicare claims, we documented regional and county variation in incremental standardized costs of heart disease (ie, comparing costs between beneficiaries with heart disease and beneficiaries without heart disease) by type of service (eg, inpatient, outpatient, post-acute care). Absolute incremental total costs varied by region. Although the largest absolute incremental total costs of heart disease were concentrated in southern and Appalachian counties, geographic patterns of costs varied by type of service. These data can be used to inform development of policies and payment models that address the observed geographic disparities.
Objective
Treatment of heart disease is one of the largest drivers of health care costs in the United States, accounting for approximately $273 billion annually (1) . Although geographic variation in Medicare costs is well documented (2) , little is known about geographic variation in costs for beneficiaries with heart disease. The objective of this study was to document geographic variation in incremental health care costs among fee-for-service Medicare beneficiaries diagnosed with heart disease and costs among beneficiaries without heart disease by region, county, and type of service.
Methods
We used 2012 data from the Centers for Medicare & Medicaid Services' (CMS) Chronic Conditions Data Warehouse, a database with 100% of fee-for-service Medicare enrollment and claims data (3) . We limited the data to Medicare beneficiaries aged 65 years or older. We excluded Medicare beneficiaries enrolled in Medicare Advantage or in Medicare Part A only or Part B only. Beneficiaries with diagnosed heart disease were identified according to the following CMS Hierarchical Condition Category codes: congestive heart failure (code 80), acute myocardial infarction (code 81), unstable angina/acute ischemic heart disease (code 82), and specified heart arrhythmias (code 92). Hierarchical Condition Category codes were created by CMS to predict patient costs and map diagnostic codes into diagnostic groupings (4). All major ICD-9-CM (International Classification of Diseases, Ninth Revision, Clinical Modification) codes for heart disease are included in the HCC except codes 390-398 (acute and chronic rheumatic fever). We calculated total costs by summing Medicare payments, beneficiary payments, and third-party payments for the following service categories: inpatient, outpatient, post-acute care, hospice, physician, procedure/imaging, and other. Because calculating costs incurred directly for heart disease care is not possible, we calculated incremental costs incurred among beneficiaries with heart disease above and beyond the costs incurred by beneficiaries without heart disease. Incremental costs were calculated as the difference between mean annual costs per capita for beneficiaries with heart disease and beneficiaries without heart disease in 2 ways: 1) as the absolute difference, by subtracting the cost per beneficiary without heart disease from the cost per beneficiary with heart disease, and 2) as the relative difference, by dividing the cost per beneficiary with heart disease by the cost per beneficiary without heart disease. Incremental costs were age-standardized (2000 standard US population age 65 years or older) and analyzed by region, county, and type of service. We generated county-level maps of the prevalence of heart disease and the age-standardized
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absolute incremental values for total costs, inpatient costs, and outpatient costs of heart disease. Subnational cost analyses were adjusted to eliminate geographic differences in payment rates (eg, local wages, input prices) (5). We used SAS version 9.4 (SAS Institute Inc) for the analyses.
Results
Total costs among beneficiaries with heart disease was approximately $96 billion in 2012. The absolute and relative incremental total costs of heart disease per beneficiary were $10,345 and 2.6 per capita, respectively. Inpatient, post-acute care, and outpatient services accounted for the vast proportion of total absolute incremental costs (37%, 25%, and 18%, respectively). Relative incremental costs of heart disease varied minimally by region (ranges, 2.5-2.7 for total costs and 1.5-3.0 per service type) (Table) . However, absolute incremental total costs varied by region, and the pattern of variation was similar to that of heart disease prevalence ( Figure) . The highest mean absolute incremental total costs were in the South ($11,581 per capita). The highest mean incremental inpatient costs were also in the South ($4,101 per capita), but the highest mean incremental outpatient costs were in the Midwest ($2,225 per capita). This pattern was further elucidated at the county level. Counties with incremental total costs in the highest quintile (range, $12,443-$28,001) were concentrated primarily in the South and parts of Appalachia (Map A). The highest incremental inpatient costs (highest quintile range, $4,648-$19,329) were in counties in the South and Northeast, including Appalachia (Map C), whereas the highest incremental outpatient costs (top quintile range, $2,363-$7,798) were concentrated primarily in counties in the West and Midwest (Map D). All counties with negative incremental values had fewer than 30 beneficiaries with heart disease. Beneficiaries with diagnosed heart disease were identified according to the following Centers for Medicare & Medicaid Services Hierarchical Conditions Category codes: congestive heart failure (80), acute myocardial infarction (81), unstable angina/acute ischemic heart disease (82), and specified heart arrhythmias (92). Incremental costs were calculated as the difference between the mean annual costs per capita for beneficiaries with heart disease and the mean annual costs per capita for beneficiaries without heart disease. For all maps, the category "Insufficient data" indicates that data from counties with fewer than 10 Medicare beneficiaries were suppressed. Data source: Centers for Medicare & Medicaid Services (5). We used ESRI's ArcGIS 10.3 software to produce the maps.
Discussion
We found substantial absolute incremental costs of heart disease among fee-for-service Medicare beneficiaries. Inpatient, postacute care, and outpatient services contributed most to incremental costs. Although the highest absolute incremental total costs of heart disease were concentrated in counties in the Southeast and Appalachia, geographic patterns of cost varied by type of service. For example, counties in the South and southern Appalachia generally had the highest absolute incremental inpatient costs but the lowest absolute incremental outpatient costs.
Researchers disagree on which factors drive the regional variation in health care costs among Medicare beneficiaries. Among these factors are the need for medical care (eg, determined by the prevalence or severity of disease or prevalence of comorbid condi-PREVENTING CHRONIC DISEASE VOLUME 13, E180 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and Prevention, or the authors' affiliated institutions. tions) and the provision of care (6,7). Our findings expand on previous research by describing geographic variation in incremental costs of heart disease and offer initial insights into how differences in the use of services might drive some of this variation. Regions with the highest total incremental costs had the highest heart disease prevalence and highest incremental inpatient costs. At first glance, these patterns suggest that these regions may have had a higher prevalence of severe heart disease or heart disease-related comorbidities, which necessitated increased use of higher-cost, higher-acuity care. However, regions with the highest total incremental costs tended to have the lowest outpatient incremental costs and the lowest overall outpatient costs, patterns not necessarily congruent with managing a population with greater health care needs. Perhaps practice patterns in these regions lead to substituting more costly inpatient services for outpatient services.
One limitation of this study was the use of claims data rather than clinical data to identify beneficiaries with heart disease. However, claims data are reliable in assessing cardiovascular outcomes (8). Also, standardized payments do not adjust for health status or several sociodemographic factors; these factors may contribute to differences in service use.
Geographic variation in the incremental costs of care for beneficiaries with heart disease and geographic differences in use of services suggest a non-uniform use of resources to prevent and treat heart disease. Public health, health care systems, and health plans can use these findings to inform development of policies and payment models that address geographic disparities in service use and overall costs for care among Medicare beneficiaries with heart disease. PREVENTING CHRONIC DISEASE VOLUME 13, E180 PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY
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